The chemical composition and in vitro anti-inflammatory, antioxidant and antimicrobial activities of the leaf essential oil of Machilus konishii has been investigated. The essential oil was isolated using hydrodistillation in a Clevenger-type apparatus, and characterized by GC-FID and GC-MS. Sixty-six compounds were identified, representing 100% of the oil. The main components identified were α-pinene (33.9%), β-pinene (13.9%), and thymol (12.0%). The leaf oil was able to reduce nitric oxide production by lipopolysaccharide-activated murine macrophages RAW 264.7 without reducing the cell viability. In addition, the leaf oil showed strong antioxidant and antimicrobial activities. The major ingredient of the oil that was responsible for the anti-inflammatory, antioxidant and antimicrobial activities was thymol.
Machilus konishii Hayata (Lauraceae) is a medium to large evergreen tree endemically distributed in the central to southern parts of Taiwan [1] . Only two reports have noted the epi-catechin oligomers and flavonol glycoside compositions of leaves [2] [3] , but no prior study has investigated the chemical composition and biological activity of the leaf essential oil. Thus, in this study, the leaf essential oil was first isolated using hydrodistillation, and then analyzed by GC-FID and GC-MS. In the second part of the study, we examined the in vitro anti-inflammatory, antioxidant and antimicrobial activities of the leaf oil. The purpose of this study was to establish a chemical basis for effective multipurpose utilization of the tree species.
Hydrodistillation of M. konishii leaves gave a yellow oil with a yield of 1.36 ± 0.05 mL/100 g, based on the dry weight of leaf. The identified constituents are presented in Table 1 , where all compounds are listed in order of their elution from the DB-5 column. Sixty-six compounds were identified (Table 1) , representing 100.0% of the oil. Among the groups, monoterpene hydrocarbons (58.6%) were predominant, followed by sesquiterpene hydrocarbons (26.3%), phenyl propanoids (12.0%), oxygenated sesquiterpenes (2.6%), and oxygenated monoterpenes (0.5%). The major monoterpene hydrocarbons were α-pinene (33.9%) and β-pinene (13.9%), the chief sesquiterpene hydrocarbons were β-caryophyllene (5.2%) and α-humulene (2.8%), and the major phenyl propanoid was thymol (12.0%).
The compounds of M. konishii leaf oil, like those of the leaf oil of M. japonica [4] were primarily monoterpenoids, which differed from M. thunbergii [5] , M. zuihoensis [6] , M. kusanoi [7] , M. pseudolongifolia [8] , M. philippinensis [9] , M. obovatifolia [10] and M. velutina [11] , which contained mostly sesquiterpenoids.
The anti-inflammatory activity of M. konishii leaf oil was investigated using LPS-activated RAW 264.7 macrophages. The cells were incubated for 30 min with or without leaf oil, then for 24 h with or without 1 μg/mL of LPS. As shown in Fig. 1A , the levels of NO in the culture medium were reduced by the leaf oil in a dosedependent manner. To identify further the bioactive ingredient of leaf oil that is responsible for the NO inhibitory activity, three chief compounds of the oil (α-pinene, β-pinene, and thymol) were evaluated for their NO inhibitory activity. As shown in Figure 1B , all three significantly decreased NO production by LPS-activated cells in a dose-dependent manner, with thymol being more potent than α-pinene and β-pinene. To examine whether the reduction in NO production was due to the reduced cell viability, the toxicity of leaf oil and thymol for RAW 264.7 macrophages were examined. We found that leaf oil did not reduce the cell viability at concentrations ≤ 200 μg/mL (Fig. 1C ). Thymol had no significant effect on cell survival at a concentration of 50 µg/mL, but the viability was reduced by 25% at a concentration of 100 µg/mL ( Figure 1C ). These results indicated that the NO inhibitory activity of leaf oil and thymol were not due to their cytotoxicity.
The leaf oil of M. konishii was tested for its DPPH free radical scavenging capability. Ascorbic acid was used as a positive control. The IC 50 value of the DPPH free radical scavenging capability of the leaf oil was 98.5 μg/mL. The individual main components of the leaf oil, α-pinene, β-pinene, and thymol were also compared for their DPPH free radical scavenging capability. The results showed that the DPPH free radical scavenging capabilities in decreasing order were thymol (IC 50 = 31.4 μg/mL), α-pinene (IC 50 > 2000 μg/mL) and β-pinene (IC 50 > 2000 μg/mL). Hence, we deduced that thymol (phenolic compound) was mainly responsible for the radical scavenging. The results are also in congruency with the conclusions of several other reports [4, [12] [13] [14] [15] [16] [17] [18] [19] [20] . The antioxidant activity (IC 50 value) of the M. konishii leaf oil was superior to that of the leaf, flower and twig essential oils of Cinnamomum camphora var. linaloolifera [21] , which had IC 50 values of >2000, >2000, and 104 μg/mL, respectively. Furthermore, a comparison of the leaf oil with the IC 50 values of the leaf oils of different Cinnamomum osmophloeum clone strains, which ranged from 33.4 to 708.5 μg/mL [22] , were within the same range. The leaf oil of M. konishii was tested against three Gram-positive and five Gram-negative bacteria, one yeast, and one fungus. The results, presented in Table 2 , show strong growth suppression against all ten microbes studied. The most sensitive were Bacillus cereus, Staphylococcus aureus, S. epidermidis, and Candida albicans, with inhibition zones of 50~56 mm and MIC values of 31.25 μg/mL, respectively. The leaf oil showed superior suppressive activity toward the Gram-positive bacteria than the Gram-negative bacteria, the yeast and the fungus. These observations were similar to those of Ho et al. [24] , Cimanga et al. [25] , Muhammed et al. [26] , and Kim et al. [27] . The probable cause of the susceptibility of Gram-positive bacteria and relative tolerance of Gram-negative bacteria to essential oils has been correlated with the presence of a hydrophilic outer layer [28] . It is presumed that penetration of hydrophobic components in Gramnegative microorganisms is more difficult due to the presence of a second physical barrier formed by the outer membrane [29] .
Comparing the antimicrobial activities of the essential oils from Litsea laevigata [30] , Tetrataenium nephrophyllum [31] , T. lasiopetalum [32] , Metasequioa glyptostroboides [33] , M. kusanoi [7] , and M. pseudolongifolia [8] , the leaf oil of M. konishii was superior. The results verified that M. konishii leaf oil has excellent antimicrobial activities.
In order to ascertain the source compounds of the antimicrobial activity of M. konishii leaf oil, the main components were individually tested for antimicrobial activity. Results indicated that the active compound was thymol. Various studies support the argument that thymol is highly active in suppressing microbial growth [34] [35] . Leaves and twigs of the species were collected for subsequent extraction and analysis.
Isolation of leaf essential oil:
The air-dried leaves of M. konishii (1 kg) were distilled for 3 h using a Clevenger-type apparatus and a hydrodistillation technique. After distillation, the volume of oil obtained was measured, and the essential oil was stored in a glass container hermetically sealed with rubber lids, covered with aluminum foil to protect the contents from light, and kept refrigerated at < 4ºC until used. The oil yield and all test data are the average of triplicate analyses. Component identification: Identification of the leaf oil constituents was based on comparisons of retention indices (RI) [23] , retention times (RT), and mass spectra with those obtained from authentic standards and/or the NIST and Wiley libraries spectra, and literature [23, 36] .
Essential oil analysis:

Cell culture:
We obtained murine macrophage 264.7 cells from the American Type Culture Collection (Rockville, MD) and propagated them in RPMI 1640 medium supplemented with 10% heatinactivated fetal bovine serum (FBS) and 2 mM L-glutamine (all from Life Technologies, Carlsbad, CA), and cultured in an incubator maintained at 37°C and 5% CO 2 .
NO inhibitory assay: RAW 264.7 macrophage cells were seeded in 24-well plates at a density of 2 × 10 5 cells in 0.5 mL medium, and the plates incubated with or without LPS (1 μg/mL) and in either the presence or absence of the test sample for 24 h. Production of NO affected by the test sample was indirectly measured using the Griess reaction by determining the nitrite concentrations.
AlamarBlue® assay for cell viability: RAW 264.7 macrophages were seeded in 96-well flat-bottom plates at a density of 5000 cells in 100 μL of RPMI 1640 medium containing 10% FBS per well and incubated for 24 h at 37°C in a 5 % CO 2 incubator. The cells were incubated for 24 h with or without test samples. The AlamarBlue® assay was used to determine the cytotoxicity of test samples. The procedure was conducted following the protocol described in the manufacturer's instructions (AbD Serotec, Oxford).
DPPH (2,2-diphenyl-1-picrylhydrazyl) free radical scavenging capability test:
The method of Ho et al. [21] was used for DPPH assay in this study. Fifty μL of various dilutions of the oils were mixed with 5 mL of a 0.004% methanol solution of DPPH. After an incubation period of 30 min, the absorbance of the samples was determined at 517 nm using a Jasco 7800 spectrophotometer. Tests were carried out in triplicate, and ascorbic acid was used as a positive control.
Antimicrobial activity [37] [38] and as reported earlier [8] . (6 mm) ; values are given as mean ± SD. b Minimum inhibitory concentration values as μg/mL. c 1. α-Pinene; 2. β-Pinene; 3. Thymol. Compounds 1 to 3 were purchased from Fluka Co. (Milwaukee, USA). Essential oil tested at 15 μL/disc for bacteria and 30 μL/disc for yeast and fungus.(-), Inactive; nt, not tested.
